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Data have been presented indicating that changes occur in the
dental structures of growing albino rats fed diets adequate except
for extreme restriction of inorganic salts (Arnim et al.2). Marked
rarefaction of the alveolar bone and the formation of irregular
dentine containing few tubules, many spaces, and occasional cells
were observed. This unusual dentine was most prominent in the
cusps of the molars, where it was deposited in the parts formerly
occupied by the pulp horns, forming an irregular core. No evi-
dence was seen of the resorption of dentine or enamel that might
be related to the consumption of the low-salt ration. Fractures
occurred in cusps which had been shortened by wear exposing irreg-
ular dentine on the occlusal surface. Lesions involving the dentine,
enamel, and pulp, called cusp caries, were observed at the sites of
fracture.
In order to study the effect of wear on the incidence of the "cusp
lesion" associated with the fracture of the irregular dentine, the
upper right first and second molars of young rats were extracted.
The present paper deals with those changes attributable to the low-
salt ration and to the operative procedure.
Methods
With two minor modifications, the diets used were the same as
those previously described.2 Both the low-salt ration and the con-
trol adequate synthetic diet were passed through a 60-mesh sieve,
and 3 drops of wheat-germ oil were given daily to the animals of
both groups.
* From the Department of Surgery and the Laboratory of Physiological Chemis-
try. A contribution from the Dental Study Unit, Yale University School of
Medicine. The data presented are taken from a dissertation submitted by S. S.
Arnim in partial fulfillment of the requirements for the degree of Doctor of
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The upper right first and second molars were extracted from 54
rats at 23 days of age. The animals were fed the unsifted adequate
stockdiet* until they attained aweight of 100 grams (31 to 35 days
of age) when they were divided into two groups. Twenty-seven
rats were given the sifted low-salt diet. One of the animals died
after 7 weeks on thediet,the majoritylived approximately 14 weeks,
while the oldest was sacrificed after 24 weeks. The 27 controls
were fed the sifted adequate diet; whenever an experimental (low-
salt) rat died or was killed, a control animal of the same age was
likewise sacrificed.
The histological preparations were made according to the method
described in a previous publication.'
Results
CHANGES ASSOCIATED WITH THE EXTRACTION OF THE UPPER RIGHT
FIRST AND SECOND MOLARS
There were certain pathological changes observed in all the rats
in which the upper right first and second molars were extracted,
irrespective of diet consumed; these were not seen in any of the
intact animals previously studied.2
Dental Changes
In many animals the unopposed molar teeth of the lower right
jaws were not in contact with one another but seemed extruded and
separated by small spaces which contained impacted food and debris.
The occlusal surfaces of the cusps of these molars were partly cov-
ered by enamel that extended slightly beyond the dentine occlusally,
forming a shallow crater-like depression. The mesial cusps of the
second molars presented this appearance, although the distal cusps
were flattened by attrition (Fig. 1). The cusps of the lower left
molars were flattened by wear (Fig. 2).
The fibrous connective tissue in the pulps of the molars was com-
posed of cells, with large nuclei and many protoplasmic processes,
embedded in an intercellular substance containing a few barely
discernible fibrils and many spaces. The blood vessels were
markedly congested and evidence of hemorrhage into the surround-
ing tissues was observed in many instances. Irregular masses com-
posed of a densely fibrous non-tubular matrix containing scattered
cells were observed in the pulp. Their staining characteristics were
*Maynard, L. A.: A diet for stock rats. Science, 1930, 71, 192.
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seconid miiolars cx-
tracted. There are
marked chanigcs in the
odontoblasts (0) aind
in the pulp tissue (P)
of this tooth. The
cusps (C) are not
abraded. x 45.
Fit;. 2. Lower left
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Fi(;. 3. A badly
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right third miiolar of
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diet (No. 2) with
the upper right first
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Fig. 5. Lower left first molar roots and surrounding bonc of a rat fed the adequate
diet (No. 2) with the upper right flirst and seconld molars cxtractci. A comparisoni of
the alveolar bone (B) N-ith that in the prcccding illustration rev'eals the cffcct of molar
extraction on the de-elopmllent of the alveolar proccss. This toothl wNas in occlusion
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similar to those of bone, giving them the appearance of calcified
nodules. The columnar cells bordering the pulp were short and
separated by spaces of various sizes. The changes seen in Fig. 1
were particularly marked in the lower right first and second molars
of all the rats fed the low-salt diet.
The cusps of the upper right third molar teeth were markedly
shortened by attrition. The roots were short, tortuous, and only
partlyembedded in alveolarbone. Therewasmarkedirregularover-
growth of the cementum. The gingivae about these teeth were
frequently ulcerated. The crevicular epithelium was thickened,
rete pegs were commonly seen, and the epithelium extended apically
along the cementum to various depths. An exudate of poly-
morphonuclear leukocytes and small and large mononudear cells
was seen in the marginal gingivae. The capillaries in this region
were congested and there was margination of the leukocytes within
them. The foregoing changes are illustrated in Fig. 3.
In addition to the changes around the third molars, epithelium-
lined pockets were formed between the roots of other teeth in some
of these rats. There was an exudate of polymorphonuclear and
mononuclear cells in the surrounding connective tissue. The blood
vessels were markedly congested and there was margination of white
blood cells within them.
Changes in Bone
Structural alterations of alveolar processes were observed in all
animals on both diets in which teeth had been extracted. The alve-
olar processes of the lower right side did not extend so high occlus-
ally around the roots of first and second molars as did those of the
lower left side of the same animals. The outer shell of osseous
structure was thinner, and the marrow spaces within the processes
were larger than those seen in the lower left jaws (Figs. 4 and 5).
The fact that changes in the teeth, gingivae, and bone were
observed in all the animals from which the upper right first and
second molars had been removed, indicates that these changes are
associated with the extraction of the teeth.
CHANGES ASSOCIATED WITH THE Low-SALT DIET
Dental Changes
A core of irregular dentine, formed during the low-salt feeding
period, was seen in that portion of the cusp formerly occupied by
pulp (Fig. 2). Wear involved the irregular dentine on the occlusal
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surfaces of some of the cusps of the teeth that were in occlusion.
Fractures occurred and cavities were formed in some of the teeth in
11 of 27 rats of this group. These changes are the same as those
previously observed in intact animals fed the low-salt diet. It is
significant, however, that no fractures occurred in the unworn cusps
of the lower right first and second molars.
Changes in Bone
The alveolar bone differed from that seen in any of the other
animals. A thin shell of osseous tissue enclosed the marrow in a
space partly subdivided by lamellae. This shell was composed of a
network of lamellae enclosing connective tissue cells and blood
vessels. The cells ofthe lamellae were embedded in a homogeneous
acidophilic matrix devoid of Haversian lines. There were faint
basophilic streaks in the matrix and many large oval nuclei sur-
rounded by some cytoplasm. Resorption lacunae with giant cells
were frequently observed along the surfaces. The marrow occupied
only a small portion of the central part of the process. An increase
of adipose tissue cells of varying size was observed in 13 of the 27
rats.
The conclusion can be drawn that the low-salt diet not only was
associated with the deposition of irregular secondary dentine-but also
that it plainly exaggerated the dental changes associated with the
removal ofthe two molars.
Discussion
The foregoing observations indicate that widespread changes are
produced in the dental structures by disturbance of the mechanics
of tooth wear. The hard structures of the teeth, the morphologic
character of the pulp, the integrity of the gingival tissue, and the
alveolar bone show extensive alterations as a result of removing
two molars on one side ofthe upperjaw ofthe experimental animals.
It is strikingthat these changes occur when an adequate diet is being
consumed; they are all exaggerated when the ration is extremely
poor in inorganic salts. It is significant that the physical condition
of the rats, as judged by body weight, contour, and quality of the
coat, was excellent in the group provided with the adequate ration.
The present studies show dearly that the cusp lesions observed
by Arnim et al.2 were due not only to the deposition of irregular
dentine but, along with this circumstance, to the mechanical strain
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involved in ordinary attrition. Changes of the dental structures
described herein, following the experimental procedures employed,
have not been reported before, so far as the authors are aware.
Summary
The extraction of the upper right first and second molars was
associated with a lack of attrition of all the cusps of the lower right
first molars and the mesial cusps of the lower right second molars;
the cusps of the upper right third molars were markedly shortened
by wear. Lesions associated with the fracture of irregular dentine
were seen only in those cusps shortened by wear in the teeth of
rats fed the low-salt diet. Changes in the pulps were particularly
marked inthelower right first and second molars. Structural altera-
tions of the alveolar processes and ulcerations with necrosis of the
gingivae were marked on the right side. Slight changes in the pulp
and gingivae were also seen on the left side. The changes of the
pulp, bone, and gingivae were more severe in the rats fed the low-
salt diet.
The fact that these changes were seen only in the rats with the
upper right first and second molars extracted indicates that the
removal of these teeth was largely responsible for the occurrence
of the changes. This study emphasizes the far-reaching effects of
alterations in masticatory stress and strain.
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